Hepatocyte growth factor (HGF) plays an important role in the growth, progression and angiogenesis of various tumors. It is reported that patients with urinary bladder cancer have elevated levels of HGF in urine and that bladder cancer tissue contains an increased amount of HGF. Thus, the data suggest a functional role of HGF in urinary bladder cancer. We evaluated the mechanistic role of HGF in urinary bladder carcinoma in vitro using the rat urothelial cell lines MYP3 (anchorage-dependent and non-tumorigenic in athymic nude mice), LMC19, MYU3L, T6 and AS-HTB1 (anchorage-independent and tumorigenic). The HGF receptor c-met was expressed by all of the cell lines, as determined by northern blot. In MYP3 cells, HGF strongly stimulated anchorage-dependent growth, but not migration, invasion or secretion of matrix metalloproteinases (MMPs). In LMC19, T6 and AS-HTB1 cells, HGF stimulated migration, invasion and secretion of MMPs. Anchorage-dependent growth stimulation was limited to AS-HTB1 cells. MYU3L cells were refractory to HGF in both growth and invasion assays. However, a neutralizing antibody and an anti-sense oligonucleotide to HGF partially inhibited the growth only of MYU3L cells, the finding being indicative of an autocrine stimulatory mechanism. HGF mRNA expression and protein synthesis were induced in bladder stromal cells by the conditioned medium of carcinoma cell lines, and IL-1β and basic fibroblast growth factor were identified as cancer cellderived HGF-releasing factors. These results suggest that HGF acts as a mitogen in a non-tumorigenic cell line, whereas in tumorigenic cell lines it acts as an invasion and migration factor by either a paracrine or an autocrine mechanism.
Introduction
Hepatocyte growth factor (HGF) was first identified as a stromal cell-derived cytokine, which is mitogenic to hepatocytes (1) (2) (3) , and subsequently has been demonstrated to be a mitogen, motogen, morphogen and angiogenic factor in vitro of normal and neoplastic epithelial cells (4) (5) (6) . It may also play a critical role in biological processes including wound healing, development and carcinogenesis (7) . HGF protein is synthe-sized by fibroblasts and smooth muscle cells (8, 9) . By immunohistochemical study, HGF has been demonstrated in various human organs, including the respiratory tract, breast, digestive tract, kidney and urinary bladder (10) .
The HGF receptor, which belongs to the family of receptors of tyrosine kinases, is encoded by the c-met proto-oncogene (11) . c-Met receptor is expressed by epithelial cells of various organs, including the liver, digestive tract, kidney, urinary bladder and lung (12, 13) . In the urinary bladder, c-met is expressed in urothelial cells, endothelial cells and smooth muscle cells (13) .
HGF can stimulate cell motility, as well as invasion and secretion of proteinases which destroy the basement membrane (14, 15) . Therefore, it may play an important role in tumor invasion and progression, and HGF synthesis by the mesenchymal cells may be critical for the migration and invasion of tumor cells.
HGF is detected in urine, and patients with transitional cell carcinoma of the bladder, especially with muscle-invasive carcinoma, have higher urinary levels of HGF than do normal subjects. Also, bladder cancer tissue contains an increased amount of HGF (13, 16) . Although, a causal role of HGF has been suggested in the progression of bladder cancer (13, 16 ), its precise role remains unknown.
To evaluate the mechanistic role of HGF in bladder tumor growth, we examined the effect of HGF in vitro on the growth, migration, invasion of bladder carcinoma cells, and the effect of carcinoma cells on the HGF mRNA and protein synthesis by stromal cells. We used rat urothelial carcinoma cell lines and rat stromal cells that have been established in our laboratory. Our results indicate that HGF synthesis and release by stromal cells is closely controlled by carcinoma cells and that HGF plays a critical role in the invasion of bladder cancer by paracrine and also occasionally by autocrine mechanisms.
Materials and methods

Cells and cell culture
All of the cell lines (MYP3, LMC19 and MYU3L) and MYP3 derivatives (MYP3, T6 and AS-HTB1) used were developed in our laboratory. MYP3 was established from a small nodule that was found in a heterotopically transplanted urinary bladder (17) after treatment in vivo with N-methyl-Nnitrosourea (MNU). MYP3 is anchorage-dependent for growth and is nontumorigenic in athymic nude mice (18) . T6 is a bladder carcinoma cell line established from MYP3 cells after treatment in vitro with 200 µg/ml of MNU once a week for 4 consecutive weeks. T6 cells formed a poorly differentiated transitional cell carcinoma in athymic nude mice (19) . The AS-HTB1 cell line was isolated from a poorly differentiated transitional cell carcinoma that developed in an athymic nude mouse after s.c. inoculation of MYP3 cells transfected with antisense p53 cDNA (20) . LMC19 was established from a pulmonary metastasis in a nude mouse after s.c. inoculation of rat carcinoma cells of clonal origin (21) . It is tumorigenic, highly invasive and also metastatic. MYU3L is a rat urinary bladder carcinoma cell line that is tumorigenic and highly invasive, but non-metastatic (18) . A primary culture of stromal cells was established from the submucosa of a normal rat bladder.
MYP3, T6 and AS-HTB1 cells were grown in Ham's F-12 medium (Gibco BRL, Gaithersburg, MD) supplemented with 10 µM non-essential amino acids (Gibco BRL), 2.7 mg/ml dextrose (Sigma, St Louis, MO), 1 µg/ml of hydrocortisone (Sigma), 5 µg/ml of transferrin (Gibco BRL), 10 µg/ml of T.Tamatani et al.
insulin (Gibco BRL), 10 ng/ml of epidermal growth factor (Gibco BRL), 100 µg/ml of streptomycin and 100 U/ml of penicillin (Gibco BRL). When supplemented with 10% fetal bovine serum (FBS; Gibco BRL), the medium was designated as complete medium. LMC19 and MYU3L cells were grown in Ham's F-12 medium supplemented with 5% FBS, 10 µM non-essential amino acids, 100 µg/ml of streptomycin and 100 U/ml of penicillin. Stromal cells were grown in DMEM (Gibco BRL) supplemented with 10% FBS, 10 µM non-essential amino acids, 100 µg/ml streptomycin and 100 U/ml of penicillin. All cultures were incubated in a humidified atmosphere of 95% air and 5% CO 2 at 37°C. Cell growth assay Cells were grown on a flat-bottomed 96-well plate at 1ϫ10 4 cells/well containing the complete medium or F-12 medium with 5% FBS. Twenty-four hours later, cells were grown in F-12 medium with (MYP3, T6, AS-HTB1) or without (LMC19, MYU3L) 0.1% FBS and with human recombinant HGF (0.1-10 ng/ml) (a gift from Dr T. Nakamura) (22) . After 3 days of culture, cell proliferation was assayed by addition of 20 µg of the vital dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT; 1 mg/ml; Sigma). The blue dye taken up by cells during 4 h culture was dissolved in dimethyl sulfoxide (100 µl/well), and its optical density at 490 nm was read on an automated microplate reader (Bio-Tec, Winooski, VT). A preliminary study by MTT assay showed that absorbance was directly proportional to the number of cells.
Growth in soft agar
Cells (5ϫ10 3 MYP3, T6 and AS-HTB1 cells, and 1ϫ10 3 LMC19 and MYU3L cells) suspended in 2 ml of 0.3% Noble agar (Difco, Detroit, MI) in the presence of HGF (10 ng/ml) were layered over 2 ml of 0.6% agar in the complete medium in 35 mm dishes (Falcon) for MYP3, T6 and AS-HTB1 cells or F-12 medium with 5% FBS in 35 mm dishes for LMC19 and MYU3L cells. One milliliter of 0.3% agar in the complete medium containing HGF was added on days 9 and 18. After 21 or 28 days of culture, colonies of Ͼ20 cells were counted.
Isolation of cytoplasmic RNA and northern blot analysis
When cells grown in monolayer reached an early phase of confluency, RNA was prepared by lysing of cells in a hypotonic buffer containing NP-40 (Sigma), followed by removal of nuclei. Cytoplasmic RNA was subjected to northern blot analysis and semiquantitative reverse transcription-polymerase chain reaction (RT-PCR).
For northern blot analysis, cytoplasmic RNA (20 µg) was electrophoresed onto a formaldehyde-1.0% agarose gel and blotted onto a nylon filter (Amersham, Arlington Heights, IL). The nylon filter was hybridized with a 32 P-labeled cDNA probe in 50% formamide, 5ϫ saline-sodium phosphate-EDTA, 0.1% SDS, 5ϫ Denhart's solution and 100 µg/ml of salmon sperm DNA at 42°C for 20 h. The probes used were an XhoI-XhoI fragment of pCDM1/c-met (23) for the c-met proto-oncogene and an XhoI-XhoI fragment of pHFβA-1 for β-actin (American Type Culture Collection, Rockville, MD). In vitro migration assay Cell migration was assayed in a modified Boyden chamber (Nuroprobe, Bethesda, MD) with a polyvinyl pyrrolidone-free polycarbonate filter with 8 µm porosity (Nucleopore, Pleasanton, CA). The filters were precoated with 0.04% (w/c) gelatin (Difco). Cells were seeded in the lower well at 4.2ϫ10 4 cells per well in F-12 medium supplemented with 0.1% (w/v) bovine serum albumin (Sigma). The chamber was inverted and incubated at 37°C to allow cells to attach to the filter. HGF (10 ng/ml) in serum-free F-12 medium supplemented with 0.1% bovine serum albumin was added to the upper well of the chamber, and the chamber was further incubated for 4 h at 37°C. Cells migrating to the upper surface of the filter were counted with a Diff-Quik stain set (Baxter, McGaw Park, IL). Results were expressed as the number of cells observed in 10 high-power fields.
In vitro invasion assay
An invasion assay was performed as described previously (24), with the following modification: a cell suspension at 200 µl (5.0ϫ10 5 cells/ml) in F-12 medium with 1% FBS was placed on the Matrigel (Collaborative Biomedical Product; Becton Dickinson, Bedford, MA)-coated surface of the inner cup (Falcon). F-12 with 1% FBS containing HGF (10 ng/ml) was added to the outer compartment. After 72 h incubation, cells remaining in the inner cup were wiped off with cotton swabs. The filter attached to the outer membrane of the inner cup was removed, fixed with methanol, and stained with hematoxylin. Cells that invaded through the Matrigel-coated membrane to the outside were counted under a phase-contrast microscope at 400ϫ magnification. Zymography MYP3, T6 and AS-HTB1 cells were seeded on a 60 mm dish (Falcon) at a density of 1ϫ10 6 cells in the complete medium, and LMC19 and MYU3L 958 cells, in F-12 medium containing 5% FBS. Twenty-four hours later, cells were washed twice and cultured for an additional 48 h in serum-free F-12 medium with or without HGF (10 ng/ml). The conditioned medium (CM) was collected, clarified by centrifugation at 3000 g, and concentrated~25-fold by a Centricon membrane with a cut-off at 3000 mol. wt (Amicon, Beverly, MA). The protein concentrations of samples were determined by Bio-Rad (Hercules, CA) protein assay.
SDS-PAGE was performed with a gel containing 10% (w/v) polyacrylamide and 0.1% gelatin (Sigma) (18) . Twenty micrograms of samples were suspended in loading buffer (50 mM Tris-HCl pH 6.8, 2% SDS, 0.1% bromphenol blue and 10% glycerol) and were not heated. The gel was run at 30 mA/gel at 4°C, incubated overnight in 0.05 M Tris-HCl (pH 7.5) containing 10 mM CaCl 2 , stained with Coomassie blue (0.25% w/v) (Sigma), and destained in methanol:glacial acetic acid:water (5:1:4). Clear zones indicated the presence of proteinase with gelatinolytic activity.
Effect of anti-HGF antibody and anti-sense HGF oligonucleotide on anchorage-dependent growth
Polyclonal goat anti-human HGF antibody (R&D, Minneapolis, MN) at a final concentration of 20 µg/ml, and non-immune rabbit IgG at the same concentration, were added to cultures in an attempt to neutralize any HGF that might be secreted. The specificity of the anti-HGF antibody was demonstrated by its complete inhibition of the mitogenic effect of HGF (10 ng/ml) (data not shown). Additionally, a 20 base sense (5Ј-GCAAGCA-TGATGTGGGGGAC-3Ј) and an anti-sense (5Ј-GTCCCCCACATCATGC-TTGC-3Ј) oligonucleotide (10 µM) for the translation-initiation region of rat HGF cDNA were added to the cultures for assessment of their effect on the anchorage-dependent growth of cells. After 3 days in culture, cells were counted by MTT assay. Preparation of CM Carcinoma cells were grown to confluency in a 100 mm dish, washed 3 times with serum-free medium and cultured for an additional 72 h in F-12 medium containing 1% FBS. The medium was collected and clarified by centrifugation at 3000 g.
Induction of HGF mRNA by stromal cells and expression of HGF-inducible factors by bladder carcinoma cells
Stromal cells (2.0ϫ10 6 cells/dish) were treated for 12 h in the presence or absence of carcinoma cell-derived CM added at 1:1 (v/v), and RNA was extracted from cells. Expression of HGF and glyceraldehyde-3-phosphatedehydrogenase (GAPDH) mRNA, which was used as an internal control, was assessed by a semiquantitative RT-PCR method. Cytoplasmic RNA was reverse transcribed by Molony murine leukemia virus reverse transcriptase (Gibco BRL) at 42°C for 60 min in a 20 µl mixture with random hexamer primers (Gibco BRL). One microliter of reverse-transcribed mixture was subjected to PCR. The reaction was carried out in a DNA Thermal Cycler (Perkin Elmer, Norwalk, CT) under the following conditions: 94, 55 and 72°C for 60, 90 and 150 s, respectively. After preliminary testing, optimal conditions chosen for semiquantitative RT-PCR were 5 µg cytoplasmic RNA and 31 cycles of PCR amplification for HGF and 24 cycles for GAPDH. The following sets of primers were used: 5Ј-GCCATGAATTTGACCTCTATG-3Ј and 5Ј-TTTAATTGCACAATACTCCCA-3Ј as an upstream and a downstream primer, respectively, for HGF, and with 5Ј-GAAATCCCATCACCATCTTCCAGG-3Ј and 5Ј-CATGTGGGCCATGAGGTCCACCAC-3Ј as an upstream and a downstream primer, respectively, for GAPDH.
To look for the carcinoma cell-derived factor(s) which stimulate(s) HGF release from stromal cells, we examined the expression of Interleukin (IL)-1α, IL-1β, IL-6, basic fibroblast growth factor (bFGF) and platelet-derived growth factor (PDGF)-A mRNA by semiquantitative RT-PCR. The reaction was carried out at 94, 60 and 72°C for 60 s each; 35 cycles for IL-1β, IL-6, bFGF and PDGF-A and 25 cycles for IL-1α. Primers used as upstream and a downstream primers, respectively, were 5Ј-CTAAGAACTACTTCACATC-CGCAGC-3Ј and 5Ј-CTGGAATAAAACCCACTGAGGTAGG-3Ј for IL-1α; 5Ј-GAAGCTGTGGCAGCTACCTATGTCT-3Ј and 5Ј-CTCTGCTTGAGAG-GTGCTGATGTAC-3Ј for IL-1β; 5Ј-GACTGATGTTGTTGACAGCCAC-TGC-3Ј and 5Ј-TAGCCACTCCTTCTGTGACTCTAACT-3Ј for IL-6; 5Ј-ATGGCTGCCGGCAGCATCACT-3Ј and 5Ј-TCAGCTCTTAGCAGACATT-GGAAG-3Ј for bFGF; and 5Ј-AAGCATGTGCCGGAGAAGCG-3Ј and 5Ј-TCCTCTAACCTCACCTGGAC-3Ј for PDGF-A. Amplified cDNA was electrophoresed on a 1.5% agarose gel, and the gel was stained with 100 ng/ ml ethidium bromide.
Measurement of HGF in culture media
We measured the concentration of HGF in CM of the carcinoma and stromal cells. Stromal cells were seeded on 6-well plates at 4ϫ10 5 cells/well and were cultured for 24 h in the presence or absence of carcinoma cell-derived CM added at 1:1 (v/v) with 2 U/ml heparin (Sigma), and HGF in CM was assayed by HGF EIA kit (Institute of Immunology, Tokyo, Japan). To neutralize any IL-1β and bFGF that might be secreted by carcinoma cells, polyclonal goat anti-rat-IL-1β antibody (R&D), and monoclonal mouse anti-bovine bFGF antibody (Upstate Biotechnolgy, Lake Placid, NY) at a final concentration of 5 and 25 µg/ml, respectively, were added to stromal cell cultures. For the control cultures, non-immune IgG at the same concentrations was added.
Statistical analysis
The effect of anti-HGF antibody and anti-sense oligonucleotide was tested by one-way analysis of variance (Fisher's protected least significant difference). Other comparisons (MTT assay, soft agar growth, migration and invasion assays, and measurement of HGF) were made with Mann-Whitney U test. A P-value Ͻ0.05 was considered to indicate significance.
Results
Expression of c-met mRNA
By northern blot analysis, c-met mRNA was detected in all of the cell lines ( Figure 1 ) and there was no significant difference in the expression level among cell lines. Effect of HGF on anchorage-dependent and -independent growth HGF was added to individual wells at final concentrations of 0.1, 1 and 10 ng/ml. Seventy-two hours later, the number of viable cells was assessed by the MTT assay. Exogenous HGF stimulated the growth of MYP3 and LMC19 cells in a dosedependent manner (at 1 and 10 ng/ml; P Ͻ 0.05 for each comparison). Neither AS-HTB1 nor T6 cells showed a significant response to HGF, whereas HGF was inhibitory to MYU3L cells (Figure 2 ).
In the anchorage-independent growth assay, LMC19 and T6 colonies increased significantly (162 and 393% of the respect- ive control, P Ͻ 0.05 for each comparison), whereas the response of AS-HTB1 cells was marginal (122% of control), and MYU3L cells did not respond at all (Table I) .
Effect of HGF on migration
We tested the effect of exogenous HGF on the migration of cells by using the modified Boyden chamber (Table II) . MYP3 cells were the least migratory among the cell lines (5.0 Ϯ 2.2 cells per 10 fields/well), and HGF (10 ng/ml) had no effect. On the other hand, migration of LMC19, T6 and AS-HTB1 cells was stimulated strikingly by HGF (17-, 18-and 24-fold increase over the respective control; P Ͻ 0.01, for each comparison). MYU3L cells migrated actively (285.7 Ϯ 80.5 cells), but HGF had no effect (307.7 Ϯ 56.9 cells). (Table III) , whereas MYP3, T6 and AS-HTB1 cells showed little invasiveness (1.6 Ϯ 0.4, 6.4 Ϯ 1.6 and 5.4 Ϯ 1.7 cells, respectively). HGF significantly stimulated invasion by T6 and AS-HTB1 cells, resulting in a 3-and 21-fold increase over the untreated controls (P Ͻ 0.01 for each comparison). In contrast, the effect of HGF was less on LMC19 (142.2 Ϯ 6.5 cells; P Ͻ 0.05). HGF had no effect on MYP3 or MYU3L cells.
Effect of HGF on invasion
Effect of HGF on secretion of MMPs and urokinase-type plasminogen activator
All carcinoma cell lines secreted MMP9 into medium and, with the exception of MYU3L, all carcinoma cell lines also secreted MMP2. HGF treatment stimulated MMP9 activity significantly in all carcinoma cell lines. MMP2 activity, however, was not affected in any of the cell lines. In addition to MMP9, MYU3L also secreted MMP1, and its activity was enhanced by HGF treatment. MYP3 showed a trace MMP2 and MMP9 activity, and HGF had no effect ( Figure 3) . All types of cells demonstrated plasminogen activator activity of the urokinase type, but there was no effect of HGF on the enzyme activity (data not shown).
Effect of anti-HGF antibody and anti-sense HGF oligonucleotide on anchorage-dependent growth
The growth of MYP3, T6, LMC19 and AS-HTB1 cells was not affected at all by anti-human HGF neutralizing antibody, whereas the growth of MYU3L was slightly, but significantly inhibited (86% of the untreated control; P Ͻ 0.05; Figure 4A ). The mild response could be due to the use of an antibody against human rather than rat HGF. Addition of the anti-sense oligonucleotide suppressed the growth of MYU3L cells to a greater extent (57% of the untreated control; P Ͻ 0.005; Figure 4B ). Release of HGF by MYP3 and carcinoma cells, and stromal cell induction of HGF mRNA and protein stimulated by carcinoma cell-derived CM HGF protein was not detected in CM of MYP3, LMC19, T6 and AS-HTB1 cells. Only MYU3L cells secreted 1.1 Ϯ 0.29 ng/ml HGF protein.
We examined the effect of carcinoma cell-derived CM on stromal cell induction of HGF mRNA ( Figure 5 ) and protein ( Figure 6 ). Untreated stromal cells did not express HGF mRNA ( Figure 5, lane a) . HGF expression at mRNA and protein levels was stimulated by the CM of all types of epithelial cells. However, the release was at much higher levels after treatment with CM derived carcinoma cell cultures (LMC19, MYU3L, T6 and AS-HTB1) than that after treatment with CM derived from MYP3 cells (P Ͻ 0.05 for each comparison; Figure 6 ).
Identification of carcinoma cell-derived inducers of HGF
To determine which factor(s) derived from carcinoma cells is (are) responsible for stromal cell induction of HGF, we examined the expression of IL-1α, IL-1β, IL-6, bFGF and PDGF-A mRNA, most of which are reportedly inducers of HGF (9, 25) . Under the experimental conditions used, IL-1β mRNA was expressed by T6 and MYP3 cells and at a much higher level by the former. bFGF mRNA was expressed by all cancer cell lines, but at much higher levels by LMC19, AS-HTB1 and MYU-3L cells than others (Figure 7 ). IL-6 mRNA was not detected, and no significant difference was observed in IL-1α and PDGF-A expression among the cell lines (data not shown).
Next, we examined if these factors act as inducers of HGF. Addition of anti-IL-1β antibody inhibited the HGF production only of stromal cells treated with T6 CM (65% of the control; P Ͻ 0.05; Figure 6 ). On the other hand, anti-bFGF antibody effectively reduced HGF production of stromal cells treated with LMC19, MYU3L and AS-HTB1 CM (66, 56 and 54%, respectively, of controls; P Ͻ 0.05 for each comparison).
Discussion
The growth, invasion and metastatic potential of tumor cells are greatly influenced by their interaction with stromal fibroblasts (25) . A cooperative interaction between cancer cells and the underlying stromal cells has been demonstrated in in vitro as well as in in vivo studies (8, 16, 26) . Using carcinoma cell lines, Nakamura and colleagues (25, 26) demonstrated that HGF produced by stromal cells is a potent growth factor that stimulates migration and invasion of carcinoma cells, and that HGF synthesis by stromal cells is mediated by the growth factors released by cancer cells. The HGF inducers were shown to be IL-1α, IL-1β, bFGF, PDGF and TNF-α (9).
In urinary bladder carcinoma, Rosen and colleagues (13) have demonstrated a clear association of HGF synthesis by tumor with its release into urine, and cancer cell-mediated HGF synthesis by stromal cells was suggested by an in vitro assay (10) .
The present investigation critically evaluated the mechanistic role of HGF in bladder cancer growth and invasion. Several important findings were observed. First, non-tumorigenic as well as tumorigenic rat bladder epithelial cells do not release 961 HGF (except for one carcinoma cell line, MYU3L), but express HGF receptor c-met. Secondly, all cancer cell lines except for MYU3L respond to exogenous HGF with marked acceleration in migration and invasion associated with an increase in MMP activity. The response to HGF was most striking in LMC19 and AS-HTB1 cells. Such a response was not observed in the non-tumorigenic cell line MYP3, despite the presence of HGF receptor. Thirdly, the proliferative response to HGF was best demonstrated by MYP3 cells, and was absent to modest at best with cancer cell lines. Thus, the action of HGF as a mitogen was clearly independent of its action as an invasion factor. This difference in HGF action has been suggested to be due to a difference in the signal transduction mechanism after phosphorylation of tyrosine residues in the c-met protein (27) . Fourthly, carcinoma cell-derived CM stimulated HGF synthesis and release by stromal cells at levels much higher than that after stimulation by non-tumorigenic MYP3-derived CM (P Ͻ 0.05). We identified IL-1β and bFGF as carcinoma cell-derived inducers of HGF.
Finally, among the cancer cell lines examined, MYU3L differed considerably from the others in response to HGF despite the presence of c-met, and anchorage-dependent growth was inhibited with increasing concentrations of HGF. In order to test the possibility that the refractoriness was due to an established autocrine growth-stimulatory mechanism, we tested cells with anti-HGF antibody and anti-sense HGF oligonucleotide. Nearly 50% inhibition was observed in the anchoragedependent growth. Such an inhibitory effect was not shown by any other cell lines. MYU3L cells produced HGF protein, while other cells did not. The finding establishes that in MYU3L HGF acts as an autocrine growth factor, whereas in other cell lines HGF operates as a paracrine factor.
From our observation described above, we can conclude that epithelial stromal interactions exist between urothelial cell and stromal cells (Figure 8 ). In benign and perhaps also lowgrade bladder carcinoma, HGF is released at a low level by stromal cells in response to epithelial cell-derived factor(s), and acts as a mitogen to urothelial cells. In high-grade invasive carcinoma, HGF released from stromal cells in response to cancer cell-derived inducers acts as a migration and invasion factor to carcinoma cells. In exceptional cases, HGF may stimulate cancer cell growth by an autocrine mechanism, as was also shown by Rahimi et al. (28) . Our observations are very much in keeping with the findings by Joseph et al. (13) and Rosen et al. (16) that bladder cancers especially those of high-grade invasive tumors contain HGF at high levels. Our data offer mechanistic support for the conclusion that HGF is involved in the invasive behavior of high-grade invasive bladder cancer.
